Purpose: This study investigated the effects of physician education and the availability of P eso and P L data on physicians' decisions regarding ventilator management during specific simulated clinical conditions. Materials and methods: The study was a prospective, before-after study using a case scenario-based questionnaire and a case simulator device comprising an Avea ventilator and an artificial lung and esophagus, which was connected to a Series 1101 Electronic Breathing Simulator. The 99 physicians participating in the study were provided with five simulated cases with on-time ventilator graphics without P eso and P L and completed a questionnaire on decisions they would make regarding ventilator management of the cases. Then, after receiving instruction on P eso and P L , they were given the same cases along with ventilator graphics that included P eso and P L .
Background
Transpulmonary pressure (P L ) is the difference between alveolar pressure and intrapleural pressure. P L is known as the actual "lungdistending pressure" and the main force that promotes alveolar recruitment and lung inflation [1, 2] . It has been demonstrated that changes in intrapleural pressure are similar to changes in esophageal pressure (P eso ) and P eso has been used as a surrogate for intrapleural pressure [3] [4] [5] . Esophageal pressure is also regarded as the gold standard for measuring inspiratory effort and work of breathing [6, 7] . Several studies have shown the potential benefits of measuring P eso in various clinical settings such as monitoring respiratory muscle activity and synchrony during assisted ventilation or titrating PEEP in patient with ARDS, potentially preventing alveolar collapse and atelectrauma [5, [8] [9] [10] [11] . Although the use of P eso and P L monitoring is increasing worldwide [5, 12] , many physicians caring for critically ill patients receiving mechanical ventilation lack knowledge of P L and thus do not use it to monitor their patients. Additionally, very few physicians in Japan actually monitor P eso or P L as part of their ventilator management. We hypothesized that providing data for P eso and P L after instruction on how to use these parameters may have a significant impact on physicians' clinical decisions involving mechanical ventilator management. This beforeafter study investigated the effect of providing physician education and patient P eso and P L data on physicians' decisions regarding ventilator management during specific, simulated clinical conditions.
Methods

Study design and objectives
This prospective, before-after study utilized a simulated case scenario-based questionnaire and case simulator device to investigate the impact of education and availability of patient P eso and P L data on physicians' clinical decisions regarding ventilator management. The study was approved by the Institutional Review Board at Tokyo Bay Urayasu Ichikawa Medical Center. The Japanese Society of Education for Physicians and Trainees in Intensive Care (JSEPTIC) email list, which includes approximately 4600 members in Japan and provides opportunities to freely exchange information about intensive care, was used to recruit physicians who were interested in participating in the study at the study sites. The 99 Japanese physicians who participated in the study were instructed to return the questionnaire only if they agreed to participate and provide their answers for this study.
Case simulator device and case presentation
The case simulator device comprised an Avea ventilator (CareFusion, San Diego, CA) and an artificial lung and esophagus (artificial thorax) connected to a Series 1101 Electronic Breathing Simulator (Hans Rudolph, Shawnee, KS) and was used to simulate various levels of inspiratory effort ( Supplementary Fig. 1 ). A continuous positive airway pressure device (POINT CPAP, Hoffrichter, Schwerin, Germany) was connected to the artificial thorax in Case 1 to increase intrapleural pressure.
Participants were provided with real-time ventilator graphics (Supplementary Fig. 2-6 ) produced by the simulator while they selected their answers for five simulated case scenarios (Appendix 1) involving critically ill, mechanically ventilated patients. Only the graphics from the ventilator display were provided on the central screen at the front of the room. All parameters and indices were given to the participants in a written handout, because reproducing each of the parameters and indices on the artificial lung was impossible due to its low compliance and low volume. Case 3 (assessed with Question 5): This case involved detection of trigger asynchrony resulting in missed triggers in a patient with auto-PEEP, which, although detectable on the flow versus time waveform, was more obvious on the P eso versus time waveform.
Case 4 (assessed with Question 6): This case involved a decision whether to discontinue airway pressure release ventilation (APRV) in a patient with ARDS and strong inspiratory effort resulting in high P L (N35 cm H 2 O), even though peak airway pressure was b30 cm H 2 O.
Case 5 (assessed with Question 7): This case involved a decision whether to discontinue pressure regulated volume control (PRVC) in a patient with ARDS and strong inspiratory effort, resulting in prominent negative inspiratory P eso and low peak inspiratory pressure.
Pre-questionnaire
All questionnaires were completed anonymously. The questionnaire consisted of two questions pertaining to the respondents' background (specialty and postgraduate year; Questions 1 and 2) and five questions on their decisions regarding ventilator management in the five simulated case scenarios (Appendix 2). The participants were informed that there were no clearly correct answers. They were also instructed to choose the answer from the provided choices that they felt were the decisions that they would make in actual clinical practice for each simulated case scenario although there may be other appropriate responses beside the choices.
The case scenarios and graphics included the clinical parameters considered necessary when making changes in ventilator Fig. 1 . The numbers and specialties of physicians who chose each response, on the pre-and post-questionnaires for Case 1. Table 1 Main points of lecture given to participants.
[1] P L is the difference between alveolar pressure and intrapleural pressure.
[2] P L reflects actual stress on alveoli.
[3] P L can be substantially lower than the set or measured airway pressure if intrapleural pressure is high. [4] A negative P L may indicate collapsed alveoli.
[5] Peak P L can be substantially higher than the set or measured airway pressure if inspiratory effort is strong in a patient with negative intrapleural pressure. [6] There is no absolute cut-off value that is considered safe for P L , although a value of b25 cm H 2 O is suggested for ARDS patients. [7] There is no absolute cut-off value that is considered safe for delta P L , although a value of b12 cm H 2 O is suggested for ARDS patients. [8] A negative deflection in P eso reflects a patient's inspiratory effort. management, such as vital signs, physical findings, arterial blood gas analysis, and airway pressures. No information related to P eso , P L , or the graphic display of P eso , P L was provided ( Supplementary Fig.  2a-6a ).
Lecture on P eso and P L
After participants completed the questionnaire, they attended a 40-min lecture focusing on current knowledge and perspectives regarding P eso and P L and the application of this information to the clinical setting [2, 5, [8] [9] [10] [11] [13] [14] [15] [16] . Table 1 shows the points emphasized in the lecture.
Post-questionnaire
After the lecture, the same simulated case scenarios were provided to the participants, along with the same questionnaire; however, the graphics provided included P eso and P L for all the specific simulated case scenarios ( Supplementary Fig. 2b-6b ).
Statistical analysis
Continuous variables are expressed as mean and standard deviation (SD). Discrete variables are summarized as percentages. Dichotomous variables were analyzed and compared using the McNemar test. The software package EZR (Saitama Medical Center, Jichi Medical University) was used to perform the statistical analysis. A P value of b0.05 was considered to indicate statistical significance.
Results
Participants
Of the 99 physician participants, 12 did not return their questionnaires (recovery rate 88%), and 7 questionnaires could not be analyzed because of missing data; hence, 92% (80/87) of the returned questionnaires were analyzed. Of the returned questionnaires, 42.5% (34/80) were critical care physicians, 17.5% (14/80) were anesthesiologists, 21.25% (17/80) were emergency medicine physicians, 15% (8/80) were general internal medicine physicians, 1.25% (1/80) was a surgeon, and 2.5% (2/80) were residents who had not yet selected a specialty. The mean (SD) and median postgraduate year (PGY) of the respondents were 13.6 (7.43) years and 12 years, respectively; 7.5% (6/80) were in PGY 1-5, 30% (24/80) were in PGY 6-10, 32.5% (26/80) were in PGY 11-15, and 30% (24/80) were in PGY 16 or later. Case 1. Determining optimal PEEP level in a patient with elevated end-expiratory intrapleural pressure and negative P L .
For Case 1, the numbers and specialties of physicians who chose each response, on the pre-and post-questionnaires, are shown in Fig. 1 . Overall, 14% of physicians chose an answer other than "increasing PEEP" before the lecture without information on P eso and Fig. 3 . The numbers and specialties of physicians who chose each response, on the pre-and post-questionnaires for Case 3. P L , whereas 1.8% chose such responses after attending the lecture and receiving data on P eso and P L (P b 0.0023). For Case 2, the numbers and specialties of physicians who chose each response, on the pre-and post-questionnaires, are shown in Fig. 2 . Overall, 52.6% and 89.5% of physicians chose "using neuromuscular blockade" on the pre-and post-questionnaires, respectively (P b 0.001).
Case 3. Detecting patient-ventilator asynchrony with missed triggers in a patient with auto-PEEP.
For Case 3, the numbers and specialties of physicians who chose each response, on the pre-and post-questionnaires, are shown in Fig. 3 . Overall, 19.3% and 89.5% of physicians chose "missed trigger" on the pre-and post-questionnaires, respectively (P b 0.001). For Case 4, the numbers and specialties of physicians who chose each response, on the pre-and post-questionnaires, are shown in Fig. 4 . Overall, 56.1% and 7% of physicians decided to "continue APRV mode" on the pre-and post-questionnaires, respectively (P b 0.001).
Case 5. Determining whether to discontinue PRVC-AC in a patient with ARDS, strong inspiratory effort, and prominent negative inspiratory P eso , resulting in low peak inspiratory pressure.
For Case 5, the numbers and specialties of physicians who chose each response, on the pre-and post-questionnaires, are shown in Fig. 5 . Overall, 14% and 3.5% of physicians decided to "continue PRVC-AC" on the pre-and post-questionnaires, respectively (P = 0.0012).
Discussion
This is the first study to show that providing education and patient data on P eso and P L significantly affected physician decision-making. After receiving instruction on P eso and P L a significant number of physicians changed their answers regarding ventilator management in the five simulated cases.
This study demonstrates that new concepts and information can significantly affect clinical decision-making, even among experienced physicians. With the exception of data on P eso and P L , the pre-questionnaire included the principal information necessary for participants to make suitable decisions. These included factors such as distended abdomen with high airway pressure in Case 1, a strong inspiratory effort in Cases 2, 4 and 5, and flow versus time waveforms in Case 3. A better understanding of P L and the availability of patient P eso and P L data and graphics had a significant effect on physicians' decision-making. Clarifying whether or not the changes in their decisions based on P eo and P L will result in better outcomes in real clinical setting requires further investigation.
In situations such as Case 1, where end-expiratory pressure outside the lungs (intrapleural pressure) is higher than the pressure inside the lungs (airway pressure), some physicians may think that alveoli are open because PEEP is positive. Some physicians may also have fear of barotrauma by increasing PEEP, which results in plateau pressure N 30 cm H 2 O. The significant change in physicians' responses after the intervention appears to reflect an improved understanding of P L . Moreover, without specific modalities such as P eso monitoring, even if negative P L is suspected because of abdominal distension, it is unclear if the current PEEP level is sufficient to keep alveoli open [10, 12, 13] .
In situations such as Case 2, a patient with strong inspiratory effort and large tidal volumes, physicians will sometimes allow or ignore potential volutrauma because "the plateau pressure is less than 30 cm H 2 O and that's how they want to breathe", especially when using pressure-targeted modes. When provided with information indicating high P L (far N30 cm H 2 O) due to negative intrapleural pressure, physicians might appreciate the potential strain and barotrauma, even at an airway pressure of b30 cm H 2 O [17, 18] .
In situations such as Case 3, a patient with missed triggers on a flow versus time waveform because of auto-PEEP, physicians sometimes miss the asynchrony. This may be due in part to the positive change in the expiratory flow versus time waveform, which is not sufficiently intuitive to be associated with patient inspiratory effort. A negative change in P eso that does not trigger a ventilator breath might be more intuitive and easier to associate with missed triggers [16] .
In situations such as Cases 4 and 5, where all visible parameters such as airway pressures and tidal volumes are within permissive ranges on sophisticated modes, physicians may feel that they lack a rationale for changing ventilation mode. However, if P eso data are available, physicians may decide to change ventilation mode after visualizing patient exertion during breathing and high P L , as in Case 4 [19] . Although the P L was set high in Case 4, to highlight the importance of awareness of possible high P L due to strong inspiratory effort with overinflated lungs and low chest wall compliance, the case was not designed as an argument against the general use of APRV. In Case 5, the prominent negative deflection of P eso may have reminded physicians of the patient's strong inspiratory effort with insufficient inspiratory support from the ventilator during PRVC mode, which frequently occurs in actual practice, particularly in acute settings [20] .
This study has several limitations. First, because this is a before-after study, exposure to the same case twice may have influenced the participants' understanding of the cases. Second, it is not possible to determine which component, education or information on P eso and P L or both, was more strongly associated with the results. Third, because the artificial lung had low compliance and low volume, the graphics provided to the participants were somewhat different from those seen in real practice. Finally, the study design might have encouraged "artificial" participant responses; however, participants were instructed to select responses that reflected what they would do in actual clinical practice.
Conclusions
This study showed that an improved understanding of, and patient information related to, P eso and P L had a significant impact on physicians' decision-making regarding ventilator management in simulated cases with high intrapleural pressure and collapsed alveoli, high P L with strong inspiratory effort, asynchrony with missed triggers, high P L during APRV, and strong inspiratory effort during PRVC. Use of case scenario-based education with simulator devices for physicians may hasten worldwide understanding and clinical application of P eso and P L .
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.jcrc.2017.04.021.
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